The protection of rubber compounds against ageing remains the most acute problem of our time. Lengthening the service life of an article on the one hand reduces the need for its production and on the other hand reduces the amount of rubbish to be recycled. A fairly large number of antiagers of different classes are known, but use is most widely made of alkylaryl-substituted p-phenylenediamines possessing a complex protective action. They effectively protect rubber compounds against ozone, thermooxidative, and other types of ageing, both under static and under dynamic service conditions [1, 2] . The most effective of them to date remains N-isopropyl-N′-phenyl-p-phenylenediamine (Diaphen FP, IPPD), the short alkyl substituent of which ensures a high diffusion coefficient and a higher molar concentration in an equal mass proportion to similar products. On the other hand, shortcomings of Diaphen FP also result from the presence of a short radical. IPPD is noted for a comparatively high volatility and it fairly readily forms water-soluble salts with mineral acids [3] . In order to eliminate these shortcomings, attempts are made to use derivatives in which the alkyl substituent contains six or more carbon atoms [4, 5] . At present, the main antiager satisfying most requirements is N-1,3-dimethylbutyl-N′-phenyl-p-phenylenediamine (6PPD, Santoflex 13). It has almost entirely displaced IPPD from the formulations of rubber compounds in the United States and Western Europe because in the given parameters it is superior to it. However, in terms of effectiveness of protective action, Diaphen FP remains an unsurpassed antiager of a broad range of action.
In previous work [6] we have examined two series of anti-ager p-phenylenediamine derivatives having different structures of the alkyl substituent at the nitrogen atom. In one series, the substituents had four carbon atoms, and in the other eight, but the substituents had the same chain structure. It was found that the introduction of antiagers of the p-phenylenediamine series for carbon-black-filled mixes leads to an increase in the vulcanisation rate and to a reduction in the induction period. The introduction of the antiagers has no effect on the kinetics of mixes filled with silica. We have continued to investigate behaviour patterns associated with the effect of the length and structure of substituents on the behaviour of alkylarylsubstituted antiagers in rubber compounds.
Priorities for tyres are at present considered to be high road-holding properties on different road surfaces (asphalt, wet asphalt, ice, snow) and reduced rolling losses [7] . Special attention has now been paid to the study of the effect of the structure of antiagers on the hysteresis properties of rubber compounds at 60°C in order to characterise their hysteresis losses and tyre rolling losses.
As the main task of the antiager is to protect the rubber compound against ageing, an assessment was also made of the kinetics of thermooxidative ageing of vulcanisates at 100°C.
Investigation of the properties of rubber compounds was conducted in formulations based on SKI-3 polyisoprene rubber (Table 1) , filled with 50 parts filler [N330 carbon black; Zeosil 1165 MP highly dispersible, amorphous precipitated silica, using bis-(triethoxysilylpropyl) tetrasulphide (TESPT) (trade name Si-69) as the coupling agent].
The reference material was the traditional antiager IPPD (Diaphen FP) prepurified by recrystallisation. The dose of all antiagers was 1 part, irrespective of their molecular weight.
The rubber mixes were prepared on a laboratory mixer with a chamber volume of 100 mL in two stages for mixes with carbon black and in three stages for mixes with silica. The final stage was the introduction of sulphur on the mill.
Tests to study the effect of the structure of antiagers on tg δ at 60°C were conducted on an RPA 2000 instrument (Alpha Technologies).
The ageing of rubber compounds was conducted in the undeformed state in an air oven without forced air exchange at 100°C for 96 h (4 days), with assessment of the elastic strength properties after every 24 h of ageing.
Assessing the effect of the investigated additives on the mechanical loss tangent (tg δ) of vulcanisates at 60°C ( Table 2) 
with the control specimen, whereas for antiagers of series C4, in the entire range of strains, considerable reduced hysteresis losses are observed. This result may be of practical importance for drawing up the formulations for 'green' tyres, and antiagers of this series, especially Diaphen F2B, merit a detailed study from this point of view.
Reduction in tg δ of silica-filled rubber compounds in the presence of amine antiagers seems to be due to the interaction of diamine molecules with the surface of filler particles and with the rubber, like coupling agents. This is indicated by the increase in strength of vulcanisates filled with Zeosil 1165 after ageing for 24 h (Figure 1) , whereas 'black' vulcanisates demonstrate a monotonic reduction in strength during ageing. From literature data it is known that, when active carbon black is introduced into elastomer phase, layers of elastomer are formed around the filler particles, the properties of which differ from the properties of the base medium. These layers comprise regions with a sharply reduced (right up to glass transition) molecular mobility and transition regions in which the mobility is limited, although it remains high. According to modern concepts, it is in these transition layers that the main hysteresis losses occur [8] . Increase in tg δ of carbonblack-filled rubber compounds, after the introduction of an antiager, is most likely due to loosening of such layers or to an increase in their length by pseudoglassy regions owing to the 'plasticising' action of the antiager molecules. Chemical processes leading to the formation of interphase bonds we consider to be unlikely in this case.
All the investigated antiagers, as expected, proved to be effective antioxidants, and here the properties of mixes with the new antiagers are not inferior to those of mixes with traditional antiagers, and some of them are even superior. High effectiveness of the new products is observed for mixes both with carbon black and with silica filler.
For rubber compounds filled with Zeosil 1165, in the presence of all the investigated antiagers, the effect of increase in strength properties, noted by us earlier [9] [10] [11] , is observed at the initial stages of heat ageing ( Figure 2) . We attribute this mainly to the formation in the process of oxidation of p-phenylenediamine derivatives of quinoid structures, which can be assumed to react both with the silica and with the rubber, promoting the formation of chemical bonds between the polymer matrix and the filler. Thus, the antiager fulfils the role of an additional coupling agent. Besides this, a small contribution to the increase in strength may be made by the formation of oxygen-containing groups on the surface of the rubber in the process of heat ageing, which may bind with the polar surface of the silica. However, the contribution of this effect is less important, as, in the presence of antiagers, which suppress oxidation processes, the effect of increase in strength appears to a lesser degree than in their absence. After ageing for 72 h, there is a reduction in the strength properties, which is due to the occurrence of more customary processes of degradation and oxidation. For mixes with carbon black, no extremal dependence is observed, and the strength decreases monotonically, although not identically to antiagers with different substituents.
Thus, analysing the data obtained in the course of the work, it can be concluded that the structure of the substituent at the nitrogen atom in antiager p-phenylenediamine derivatives has a considerable effect on the combination of properties of vulcanisates and requires further, more detailed examination.
